The leaves of the Acanthopanax species have traditionally been used as a tonic and sedative, as well as in the treatment of rheumatism and diabetes, and one of their main active ingredients is a lupane triterpenoid chiisanoside which exhibits a series of significant pharmacological effects. However, the anti-tumor activity of chiisanoside on H 22 hepatocellular carcinoma and the pharmacokinetics study have not been mentioned. The aim of this study was to explore the anti-tumor efficacy, the potential mechanisms in a H 22 tumor-bearing mice model, and the pharmacokinetics properties and tissue distribution characteristics in a rat model. The results revealed that chiisanoside exhibited significant inhibition of tumor cell growth with no side effects on immune organs. The plasma cytokine levels of IL-2, TNF-a, and IFN-g were enhanced, whereas the plasma VEGF level was decreased after chiisanoside treatment. Moreover, the results of H&E, TUNEL assay, immunohistochemistry showed that chiisanoside exhibited antitumor activity in vivo by promoting apoptosis and inhibiting angiogenesis. Additionally, further investigations on the pharmacokinetics revealed that chiisanoside had a trait of fast absorption and rapid elimination in rat. Furthermore, the results of tissue distribution showed that chiisanoside was mainly distributed in the liver, small intestine and other organs in rat, which indicated that chiisanoside exhibited good liver and small intestine-targeting efficiency.
Introduction
The incidence of hepatocellular carcinoma (HCC) is only second to that of gastric and esophageal cancer among all tumors and one of the most common malignant tumors in China.
1 Also, the incidence of HCC is highest in Asia and sub-Saharan Africa, as well as in western countries.
2 HCC has become a serious disease which threatens global public health and it is the third leading cause of cancer-related deaths. 3 In recent years, many domestic and international scholars have regarded the anti-tumor effect of triterpenoids as a key focus. [4] [5] [6] Correspondingly, a large number of triterpenoids for use against various cancers, such as breast cancer, lung carcinoma, hepatic carcinoma, colon cancer and so on have been discovered.
7-12
Most plants of the Acanthopanax species are safe and nontoxic, especially the leaves of A. sessiliorus and A. senticosus, which can be eaten as traditional vegetables and tea in China. The leaves of Acanthopanax species, such as A. sessiliorus, A. senticosus, A. divaricatus, A. subinermis, A. koreanus and so on, have traditionally been used as a tonic and sedative, as well as in the treatment of rheumatism and diabetes, and one of their main active ingredients is a lupane triterpenoid chiisanoside, [13] [14] [15] which exhibits a series of signicant pharmacological effects, such as anti-osteoporosis, 16 anti-inammation, [17] [18] [19] [20] antibacterial, 21 anti-platelet aggregating, 22 treatment of glycationassociated diseases, 23 anti-rotaviral, 24 and the inhibition of lipase. 25, 26 However, the reports related to the effects of chiisanoside on hepatic carcinoma, and the pharmacokinetics properties and tissue distribution characteristics have not been found.
In this study, the anti-tumor efficacy of chiisanoside, and the potential mechanisms were studied in a H 22 tumor-bearing mice model. To make it clear how chiisanoside exert the effect, the pharmacokinetics and tissue distribution aer intravenous infusion administration were evaluated. What this study has carried out was to provide a certain basis for clinical application or enlarge the use of the leaves of Acanthopanax species.
Material and methods

Preparation of chiisanoside
The fresh leaves of A. sessiliorus were collected in July, 2015 in Linjiang of Jilin Province, China, and were identied by Prof. Lianxue Zhang. The voucher specimen was deposited at the laboratory.
The air-dried leaves (5 kg, 60-mesh) were extracted three times with 70% ethanol in an ultrasonic generator (3000 W, 40 kHz, KQ-3000B, Kunshan, China), each time 40 min. The extract was ltered, combined and concentrated under reduced pressure to no alcohol odor, and then passed through a D101 macroporous resin column, washed with water to the distillate without color, then eluted with 50% ethanol, collected the distillate and concentrated to dryness to give total triterpenoid saponins (893 g). Part of total triterpenoid saponins (150 g) was chromatographed on a silica gel column with chloroformmethanol (5 : 1) to afford chiisanoside (28.5 g). The purity of chiisanoside was determined by HPLC (purity > 98%), and the structure was identied by 1 
H 22 tumor-bearing mouse model establishment and animal treatment
The H 22 tumor-bearing mouse model was established as previously described. 27 The H 22 tumor-bearing mice were randomly divided into 5 groups (n ¼ 10). Drug administration began aer 24 h and was treated once a day for 10 days. According to our previous study about the LD 50 of chiisanoside (3.6 g kg À1 ) and the preliminary experiment, the groups for chiisanoside administration were respectively given different dosages (60, 120, 240 mg kg À1 ). Moreover, chiisanoside which was mentioned above was dissolved in 10% propylene glycol and diluted with saline to different concentration. The positive control group was treated with cyclophosphamide (CTX, 30 mg kg À1 ), while normal group and the model group mice were received 0.9% normal saline. All groups were treated by intraperitoneal injection. The administration operators were blind to the tested materials, and the testers were also blind to the drug treatment. All mice were weighed every day, and sacriced 10 days later. All of the mice of each group were weighed, collected blood samples, sacriced, and then organs were collected to detect the inhibition rate and organ indices, respectively. The tumor inhibitory rate (TIR) was calculated by the following formula: TIR (%) ¼ (tumor weight of control group À tumor weight of treated group)/tumor weight of control group Â 100%. The organ indices were calculated as follows: organ index (mg g À1 ) ¼ organ weight/body weight (values in formula were the average of each group).
Blood biochemical parameters determination
All blood samples were collected in heparinized tubes, then centrifuged at 3000 rpm for 10 min. The plasma segregated was used for examining biochemical parameters, including alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined by kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). Cytokines such as tumor necrosis factor-a (TNF-a), interferon-g (IFN-g), interleukin (IL-2), and vascular endothelial growth factor (VEGF) were examined according to the instructions of ELISA Kits (Bio-Rad, California, USA).
H&E staining assay
H&E staining was performed as previously described. 28 Briey, tumor and spleen tissues were xed with 4% formaldehyde solution. Aer deparaffinized with xylene, those tissues were dehydrated with different concentrations of ethanol and cut at 5 mm thick sections. Then the sections were stained with haematoxylin and restained with eosin for minutes, respectively. They were observed by using optical microscope (Olympus, BX51T-PHD-J11, Japan) for histopathological examination.
TUNEL staining assay
TUNEL staining assay was used to further detect the apoptotic cells of tumor tissues. Steps were as follows. 29 Tumor tissue sections were incubated with protease K at room temperature for 15 min and washed with PBS (PH ¼ 7.4-8.0) two times. Let the sections dry, adding TUNEL reaction mixed solution and putting sections to humid chamber at 37 C for 1 h. Subsequently, the sections were incubated with conversion agent POD for 30 min aer washing with PBS three times, then added DAB substrate solution. Finally, counterstained with haematoxylin to observe.
Immunohistochemistry
Immunohistochemistry analysis 30 was performed according to the instruction of SP immunohistochemical kit. Steps were as follows: 5 mm thick sections were deparaffinized with xylene and hydrated with respectively descending concentrations of ethanol solution. The sections were incubated in methanol containing 1% hydrogen peroxide for 10 min and washed with water, PBS (pH ¼ 7.4-8.0) for 5 min. Then put sections into citrate buffer solution (0.01 M, pH ¼ 6) and heated. When the temperature came to 25 C, the sections were washed three times with PBS. Aer that, incubated with goat serum sealing solution for 20 min. Sections were incubated in a humidied chamber at 4 C overnight with primary antibodies against Bax, Bcl-2, caspase-3 and VEGF, followed by secondary antibody for 20 min, besides streptavidin-antibiotin horseradish peroxidase. At the end of experiment, the sections followed by DAB staining and counterstained with haematoxylin. The immunostaining results were analyzed by light microscopy.
2.8 Pharmacokinetics and distribution study 2.8.1 HPLC analysis. Analytical procedure was performed using CXTH-3000 HPLC chromatographic system. The column was Odyssll C 18 (200 mm Â 4.6 mm, 5 mm) and temperature was maintained at 40 C, with detection wavelength of 205 nm. The mobile phase was acetonitrile-water (35 : 65, v/v), at a ow rate of 1.0 mL min À1 .
Calibration curve.
The stock standard solution of chiisanoside was prepared in methanol at a concentration of 1.0 mg mL À1 . A certain amount of working solutions were added into blank rat plasma or tissue homogenates to obtain nal concentrations of 0.1, 0.5, 1, 2.5, 5, 10, 25, 50, 100, 200 and 500 mg mL À1 as calibration standards. Ginsenoside Rd was considered as internal standard solution, which was prepared at a concentration of 100 mg mL À1 in methanol. All the solutions were stored at 4 C. And then the working solutions were detected by HPLC. The calibration curves for chiisanoside in plasma and tissues were respectively generated by plotting the peak area ratio (y) of chiisanoside to ginsenoside Rd versus concentrations of chiisanoside (x). 2.8.3 Sample preparation. The frozen biosamples were thawed at room temperature. A 100 mL biosample, 50 mL Rd (100 mg mL À1 ginsenoside Rd dissolved in methanol) and 0.35 mL methanol were transferred into tubes. The mixture solution was vortexed for 1 min, and the protein was precipitated by centrifugation at 12 000 rpm for 10 min at 4 C. Moreover, the supernatant was pipetted into tube and dried at 40 C under N 2 .
At last, the residue was dissolved with 100 mL methanol, shaken by a vortex mixer for 3 min. Aer centrifuging at 12 000 rpm for 10 min, 20 mL of supernatant uid was detected by HPLC. of chiisanoside and were sacriced at 2, 10 and 40 min aer administration, then collected tissues of liver, heart, spleen, lung, kidney, stomach, brain and small intestine. All tissue samples were rinsed with saline and dried by lter paper. Tissues were weighed and homogenized by saline solution at the concentration of 0.2 g mL À1 .
Statistical analysis
Pharmacokinetics parameters were estimated by a noncompartmental method with the aid of DAS (Drug and Statistics) 3.2.2 soware (BioGuider Co., Shanghai, China). Statistical analysis were performed by ANOVA using SPSS 16.0. All data were expressed as the mean AE SD. Values of P < 0.05 was considered to be signicant and P < 0.01 highly statistically signicant.
Results
Effect of chiisanoside on tumor growth in H 22 tumorbearing mice
The anti-tumor effect of chiisanoside in vivo was assessed using a H 22 tumor-bearing mice model, and the results were summarized in Table 1 . At the end of the experiment, the average tumor weight in negative control group was 0.94 AE 0.33 g. The average tumor weights in chiisanoside groups were gradually decreased with a dose-dependent manner. And it was simple to nd that tumor inhibitory rate of chiisanoside treated 120 and 240 mg kg À1 were signicantly higher than 60 mg kg À1 , and the discrepancy of average tumor weights between CTX treated and chiisanoside treated 120, 240 mg kg À1 was not so prominent. It was a remarkable fact that chiisanoside treated 240 mg kg À1 showed the highest tumor inhibition rate (66.45%). As for body weights, the average body weight of tumor-bearing mice was dramatically increased compared with that of normal (P < 0.05), except that of chiisanoside treated 240 mg kg À1 which was closed to that of normal (Fig. 1A) .
Effect of chiisanoside on organ indices in H 22 tumorbearing mice
The liver index of all groups (Table 1 ) and plasma parameters of hepatic function were determined ( Fig. 2A) , including plasma enzyme activity of ALT and AST. The results showed that liver indices of CTX and chiisanoside administrated mice were decreased, so were the plasma enzyme activity of ALT and AST.
As is known, liver damage may be more serious with the two plasma enzyme activity increased. Those above indicated chiisanoside may improve hepatic function. Thymus and spleen are two important indices on immune system. As for value of negative control group compared with others, the results showed higher value. Instead, values of CTX treated mice were the lowest on spleen and thymus indices (P < 0.01), which was conformed side effect on immunity. Values of mice in chiisanoside groups were lower than that of negative control group, which indicated chiisanoside treated could improve the immune function. To evaluate further, the histopathological staining of spleen was operated, the result was shown in Fig. 2B , the border between the red pulp and white pulp in the chiisanoside and CTX treated mice is clearer compared with that in model control group.
Effect of chiisanoside on plasma cytokines in H 22 tumorbearing mice
The plasma levels of IL-2, TNF-a and IFN-g were determined by ELISA assay. Those three cytokine levels are important to human body. As shown in Fig. 3 , plasma levels of IL-2, TNFa and IFN-g in chiisanoside groups were higher than those in model control group in a dose-dependent manner. The levels in CTX treated group were a little higher compared with model control group, except the level of IFN-g.
VEGF plays an important role in process of tumor growth, it is a way to evaluate the antiangiogentic effect of chiisanoside in vivo. The results showed that the level of VEGF were signi-cantly decreased by CTX and chiisanoside treatment compared with that of the model group (P < 0.01).
Morphological changes by treatment of chiisanoside
According to the tumor tissue sections in H 22 tumor-bearing mice, the cell growth and shape was observed by H&E staining (Fig. 4A and B) . The results showed that there was a large number of cell nuclei in model control group, arranged tightly and stained deeply. However, tumor cells in CTX and chiisanoside treated groups exposed signicant morphology alterations. In the tumor tissues of CTX and chiisanoside 120 mg kg À1 and 240 mg kg À1 treated groups, a large area of necrosis, and fragmented and shrank nuclear had been found in a dose-dependent manner, which was typical of apoptotic cells. TUNEL assay can be used to detect DNA strand breaks that are associated with apoptosis. 33 To further make sure whether chiisanoside treatment could induce cell apoptosis in H 22 transplanted tumors, TUNEL assay was performed (Fig. 4C) . The inhibition effect on tumor cells was represented by the color stained, and positive staining was in brown. The results showed that chiisanoside treated with 120 mg kg À1 and 240 mg kg
À1
caused increase of positive cells, so did CTX group. In conclusion, chiisanoside can promote the apoptosis.
Expression of apoptosis-related proteins by immunohistochemistry
Bax and caspase-3 are pro-apoptotic proteins, Bcl-2 and VEGF are anti-apoptotic. 34 In order to explore the mechanism about anti-tumor efficacy, the expression levels of these four proteins mentioned above were detected by immunohistochemical analysis, in which cells stained in yellow and browned color were the positive cells. The results were displayed in Fig. 5 .
For pro-apoptotic proteins, CTX and chiisanoside treated could increase the Bax and caspase-3 proteins compared with that of model control group in a dose-dependent manner. Whereas, things came to be different in anti-apoptotic proteins. The results were shown in Fig. 5B . Comparing with model control, Bcl-2 protein was down-regulated signicantly when treated with chiisanoside of 60, 120, 240 mg kg À1 , respectively.
In addition, to evaluate whether chiisanoside administration exhibits function on inhibition of tumor growth, the tumor sections was stained and performed immunohistochemical analysis on VEGF aer 10 day treatment. The high expression level of VEGF were observed in tumor tissue sections of model control group as showed in Fig. 5D , and chiisanoside could dramatically inhibit the expression of VEGF in tumor tissue, which was consistent with that in plasma.
Calibration curves
The calibration curves showed good linearity over the concentration. The linear regression of the curve for the peak area ratio of chiisanoside to Rd (y) versus the concentration of chiisanoside (x) was plotted (r $ 0.999). Calibration curves in rat plasma and different tissues, including liver, heart, spleen, lung, kidney, stomach, brain and small intestine were listed in Table 2 . The lowest limit of quantication of the study was 0.1 mg mL À1 .
Pharmacokinetics study and tissue distribution
The method presented in this study was validated, and was successfully applied in pharmacokinetics study of chiisanoside at three doses. The mean plasma concentration vs. time aer intravenous infusion administration of different doses of chiisanoside was shown in Fig. 6 , while major pharmacokinetics parameters of chiisanoside were calculated by a noncompartment model and listed in Table 3 . The results indicated that the plasma concentrations of chiisanoside increased rapidly aer intravenous infusion administration, and reached the peak concentration at 0.083-0.3 h. Furthermore, the parameter of t 1/2z showed chiisanoside could also be cleared rapidly from rat plasma. Also, there was a good correlation between the dose and AUC. The tissue distribution of chiisanoside was investigated in Wistar rats at 2, 10 and 40 min aer tail intravenous infusion of 84 mg kg À1 (Fig. 7) . Aer 2 minutes, all kinds of tissues were contained chiisanoside except lung. Aer 10 min of administration, chiisanoside was detected in all tissues, and the highest concentration was 42.04 mg mL À1 in liver, then followed by small intestine (28.73 mg mL
À1
), next was the kidney (12.63 mg mL
), and the lowest concentration was in brain (2.02 mg mL
). Aer 40 min, the concentration of chiisanoside in the organs were gradually decreased except in the liver. As for the three time points, the results demonstrated that chiisanoside mainly distributed in liver and small intestine aer tail intravenous infusion. Fig. 7 The distribution of chiisanoside in main tissue samples in rats by intravenous infusion administration. All values were expressed as mean AE SD, n ¼ 6.
Discussion
In this study, a H 22 tumor-bearing mouse model was established to investigate the anti-tumor activities of chiisanoside by intraperitoneal injection. The results showed that chiisanoside could effectively inhibit the growth of H 22 hepatoma transplanted tumor, with a dose-dependent manner. The inhibition rate of chiisanoside 240 mg kg À1 treated reached 66.45% that was higher than that of CTX which is a conventional chemotherapeutic anti-tumor drug. As is known to all, though CTX exerts strong anti-tumor activity, it has serious toxic effect to body as it is one of immunosuppressive agents, which was also conrmed in this experiment. At the end of the 10 day treatment, all organ indices of mice in CTX group were decreased dramatically. The decline of liver index in CTX group corresponded to the report that CTX had serious hepatotoxicity. Also, the plasma ALT level in CTX treated mice was higher than those in normal and chiisanoside groups, which indicated side effects on liver. On the contrary, chiisanoside treatment increased the liver index and decreased the plasma ALT level. Additionally, chiisanoside treatment increased the indices of thymus and spleen, which indicated that chiisanoside exhibited no negative inuence on immunologic system. All above of these demonstrated that chiisanoside exhibited positive effect on inhibition of tumor growth with no side effects to immune organs. The occurance of tumor growth is closely related to the plasma cytokines, such as IL-2, TNF-a, IFN-g and VEGF.
35,36 IL-2 can promote the proliferation and differentiation of T lymphocytes, induce cytotoxic cells with cytotoxic activity, and induce and enhance the activity of killer T cells, monocytes and macrophages.
37,38 TNF-a derives from mononuclear phagocyte, making signicant effects on promoting tumor cell apoptosis and cell necrosis.
39 As for IFN-g, it exhibits antiviral, immunomodulatory and antitumor properties.
40 VEGF is one of the important factors to promote tumor growth and metastasis.
41
This study indicated that chiisanoside could inhibite the tumor growth by increasing the plasma levels of IL-2, TNF-a and IFN-g, while down-regulated the plasma level of VEGF.
By H&E and TUNEL staining, scattered distribution of the apoptotic cells could be seen in chiisanoside treatment groups. To further investigate the mechanism of apoptosis, immunohistochemical assay was performed to determine the impact of chiisanoside on Bax, Bcl-2, VEGF and caspase-3. Cell development and homeostasis are regulated by anti-apoptotic proteins, such as Bcl-2 and VEGF, and pro-apoptotic proteins including caspase-3 and Bax. High expression levels of Bax and caspase-3 can promote the tumor cell apoptosis, while high expression levels of Bcl-2 and VEGF may suppress the occurance of tumor cell apoptosis. The immunohistochemical assay of this study indicated that the anti-tumor effect of chiisanoside was related with up-regulated proteins of Bax and casepase-3, and downregulated proteins of Bcl-2 and VEGF.
On the basis of anti-tumor research, the pharmacokinetics and tissue distribution of chiisanoside were investigated in rat. Doses given for pharmacokinetics were transformed according to the pharmacology experiment and the experimental animal's body surface area principle. As the data of pharmacokinetics parameter shown, chiisanoside had a trait of fast absorption and rapid elimination. Combing with the analysis of anti-tumor assay, the medium dose (120 mg kg À1 ) was regarded as the effective dose to determine the tissue distribution, and the results indicated that chiisanoside could be fastly and widely distributed in various tissues, such as liver, heart, spleen, lung, kidney, stomach, brain and small intestine. The drug concentration in liver and small intestine were higher than those in other tissues, which indicated chiisanoside showed good liver and small intestine targeting efficiency. It was speculated that the small intestinal absorption and liver metabolish were one of the principle factors inuencing the drug distribution. In contrast, the lower concentration in heart, spleen and lung illustrated that blood ow and perfusion rate of organ did not the important factors for distribution.
In conclusion, chiisanoside showed signicantly anti-tumor effect, the mechanism may be derived from the immunoregulation and anti-angiogenesis activity, as well as the promoting apoptosis of tumor cell. It is worth mentioning that chiisanoside was mainly distributed in liver, which may have positive inuence on treatment for hepatic carcinoma.
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